OBJECTIVE: To investigate the extent to which parents' degree of dietary self-control, as measured by self-reported dietary restraint, disinhibition, and perceived hunger, affects the development of excess body fat in the child. DESIGN: Prospective observational study. SUBJECTS: Ninety-two 3 ± 5 y old children and their parents, enrolled in 1987 in the Framingham Children's Study. MEASUREMENTS: Self-reported levels of parental dietary restraint, disinhibition and perceived hunger were estimated using Stunkard and Messick's Three-Factor-Eating Questionnaire. Anthropometric measurements (height, weight and skinfold measurements at ®ve sites) were obtained yearly for children and parents. The child's activity level was measured on multiple days each year using Caltrac accelerometers. Energy intake and percentage of calories from total fat were estimated from multiple sets of food diaries, collected each year. All analyses were adjusted for the following potential confounders: child's sex and baseline values for age, height, mean physical activity level, total calories and percentage of calories from fat as well as the educational levels of the parents at baseline. RESULTS: Over 6 y, children's body fat increased linearly with increasing levels of self-reported parental disinhibition (eg 6 y increase in the child's sum of ®ve skinfolds was 34.4, 45.8 and 59.2 mm across increasing tertiles of parental disinhibition, P 0.012). Overall, children whose parents had higher dietary restraint scores had greater increases in body fatness than children whose parents had the lowest levels of restraint. When both parents had above average scores on dietary disinhibition or restraint, the children had greater increases in body fat (on all anthropometry measures) than when only one parent or when neither parent had high scores on those factors. Parental scores on the perceived hunger scale had no clear effect on body fat change of children. Since disinhibition and dietary restraint frequently co-exist, we then examined the joint effect of these two factors. The children with the greatest increases in body fat were those whose parents scored high on both factors. In the ®nal analysis, we found that dietary restraint adversely affected the child's body fat only when associated with high parental disinhibition. CONCLUSION: This study suggests that parents who display high levels of disinhibited eating, especially when coupled with high dietary restraint, may foster the development of excess body fat in their children. This association may be mediated by direct parental role modeling of unhealthy eating behaviors, or through other indirect, and probably subconscious, behavioral consequences such as the suppression of the child's innate regulation of dietary intake.
Introduction
Obesity is a major contributor to morbidity and mortality in the USA. 1, 2 Childhood obesity is of particular concern, 3, 4 as obesity, with all of its attendant implications for health, has been shown to track from childhood into adulthood. 5, 6 Since excessive weight gain in the growing child is likely to be a consequence of an imbalance in energy intake and energy expenditure, 7, 8 excess caloric intake (as well as excesses of speci®c dietary components, such as dietary fats) and reduced activity levels may both play a role in the development of obesity. 9, 10 The precise mechanisms by which potentially modi®able behavioral factors regulate energy intake and expenditure in childhood need further investigation. 11 ± 13 Environmental factors that affect how dietary intake patterns are established in early childhood may ultimately in¯uence the development of obesity. Several studies have shown that a child's eating behaviors are strongly in¯uenced by the family environment, 14 ± 16 including such things as parental control of the child's diet, as well as the attitudes of the parents toward their own dietary intake. 17 ± 20 Recent studies have looked at the combined effects of the parents' own dietary and child-feeding practices on the development of obesity in their children. 17, 18, 21, 22 Johnson and Birch 17 found that mothers who reported exerting a greater degree of control over their child's food intake had children who demonstrated less ability to internally regulate energy intake. Furthermore, children who demonstrated less ability to self-regulate energy intake had higher body fat stores. Thus, external parental control of the child's dietary intake may indirectly foster the development of excess adiposity in the child.
The goal of the current analysis was to examine the extent to which parents' degree of dietary self-control, particularly dietary restraint and disinhibited eating, affects the development of excess body fat in the child. We used data from the Framingham Children's Study to examine the impact of the parents' attitudes toward their own eating on the change in adiposity of their children over a 6 y period, beginning when the children were 3 ± 5 y of age.
Methods
The Framingham Children's Study is a prospective study of the determinants of dietary habits and physical activity patterns throughout childhood. Details concerning the recruitment of the sample have been previously published. 23 For our current analyses, we included 92 3 ± 5 y-old children (36 girls and 56 boys), who had anthropometric data at baseline and for six additional years, complete energy intake data at baseline, and a baseline eating behavior questionnaire completed by at least one parent.
At the beginning of the study, we assessed each parent's eating behaviors using Stunkard and Messick's Three Factor Eating Questionnaire (TFEQ). 24 Both parents were asked to complete the questionnaire at the ®rst annual clinic visit without input from the other parent. The TFEQ includes subscales for three factors: (1) cognitive restraint (21 questions); (2) disinhibition (16 questions); and (3) perceived hunger (14 questions). The cognitive restraint subscale involves behavioral restraint, particularly conscious control of eating. The disinhibition subscale is designed to re¯ect lability in eating behaviors and weight, while the perceived hunger subscale simply re¯ects the individual's feelings of hunger and their behavioral consequences. All non-missing items for each TFEQ subscale were totaled and then the total score for each subscale was adjusted for missing responses as follows: (sum of scores for non-missing responses for that subscale Ä (total number of questions in subscale 7 the number of missing responses)) Â total number of questions in the subscale.
At each annual clinic visit, a trained research assistant took two measurements of each of ®ve skinfolds (triceps, subscapular, suprailiac, abdominal and thigh) using a Lange caliper. If the two measures at any site differed by more than 2 mm, two additional measurements were taken; all available measures were then averaged to obtain the mean site-speci®c skinfold thickness. At the same visit, the child's height was measured, without shoes, to the nearest quarter of an inch using the measuring bar on a standard counterbalance scale. Weight was measured in light clothing, also without shoes, to the nearest quarter of a pound. Information on height and weight for each visit was combined to calculate the child's body mass index (BMI) as follows: weight in kilograms Ä height in meters squared. The principal outcomes for these analyses included change in each child's BMI, triceps skinfolds, and the sum of all ®ve skinfolds over 6 y. Change in body fat was estimated for each anthropometry variable using a simple linear regression model, with repeated anthropometry measurements as the dependent variable and age at the time of the exam as the independent variable. To be included in this analysis, the child was required to have at least four of the seven anthropometric measurements, including at least the ®rst and one of the last three measures.
We used data collected at the annual clinic visits to evaluate potential confounding by the following factors: child's sex and baseline values for age, height, mean physical activity level, total calories and percentage of calories from fat, as well as the educational levels of the parents. Physical activity was assessed twice each year, for 3 ± 5 days, by having the child wear a Caltrac accelerometer for the entire day. 25, 26 
Statistical analysis
For each family, we calculated the mean dietary restraint, disinhibition and hunger scores for mothers and fathers combined (mean parent score for each subscale (mother's score for subscale father's score for subscale) Ä 2). For three families in which there was information from only one parent, we used that parent's scores. We compared the mean slope of the child's BMI, triceps and sum of skinfolds over 6 y across tertiles of these parent scores, using analysis of covariance models to adjust for the previously described factors. 27 These analyses were done using the general linear model (GLM) procedure from the SAS statistical analysis package. 28 The t-test from a GLM model associated with each subscale's parameter estimates was used to assess the linear trend in anthropometry values across tertiles of that subscale.
Since it is possible that families in which both parents scored high on a given dietary factor might have a stronger effect on their child than families in which only one parent scored high, we also compared the anthropometry slopes for those children with zero, one, or two parents scoring at or above the median on each scale. We used similar analysis of covariance models to derive adjusted mean anthropometry changes.
Parental eating attitudes and children's obesity MY Hood et al Finally, we examined the possible interaction of the two strongest factors Ð dietary restraint and disinhibition Ð on the change in the child's anthropometry over 6 y. The median values for the parents' scores were used to classify each family into one of the following four groups: low restraintalow disinhibition, low restraintahigh disinhibition, high restraintalow disinhibition, and high restraintahigh disinhibition. The adjusted mean 6 y changes in the child's BMI, triceps, and sum of ®ve skinfolds were calculated in each of these four groups, using analysis of covariance models.
Results
The characteristics of the sample at baseline according to the mean parent dietary restraint and parent disinhibition scores are shown in Table 1 . In this study, as in others, 17,21 the mean dietary restraint and disinhibition scores for fathers were lower than those for mothers. In families with higher levels of dietary restraint, mothers and fathers were slightly older and had higher mean BMIs. Those with higher levels of restraint tended also to have slightly higher disinhibition scores and lower hunger scores. At baseline, there were no clear or consistent differences in the child's level of body fat, activity, or dietary intake according to parental dietary restraint or disinhibition scores.
In Table 2 , we examined the effect of the parents' eating behavior scores on the change in the child's level of body fat over 6 y. Children whose parents reported higher levels of dietary restraint or disinhibition had greater increases in their BMI, triceps and sum of skinfolds than those whose parents had the lowest levels of restraint or disinhibition. For example, children whose parents were in the lowest tertile of dietary restraint gained 37.2 mm in their sum of ®ve skinfolds over 6 y, while those with parents in the upper two tertiles of restraint gained 52.1 and 50.1 mm, respectively. The increase in body fat with increasing levels of disinhibition tended to be more linear. For example, the change in the sum of skinfolds was 34.4, 45.8 and 59.2 mm for the low, middle and high tertiles of disinhibition, respectively (test for linear trend: P 0.012). There was not a clear pattern of body fat change associated with the perceived hunger scale.
In Table 3 , we compare the increases of BMI, triceps and sum of skinfolds for children with zero, one, or two parents having high scores ( ! median) on each factor. Although body fat generally increased with increasing levels of dietary restraint, the effect was even stronger for disinhibition. Here, children with neither parent scoring high on disinhibition gained an average of 22.2 mm in their sum of skinfolds, while those with one parent scoring high gained 46.7 mm, and those with both parents classi®ed as highly disinhibited eaters gained 65.1 mm over 6 y (test for linear trend: P 0.0003).
To examine whether high levels of dietary disinhibition combined with high levels of dietary restraint might have a particularly deleterious effect, we examined the change in child's BMI, triceps, and sum of skinfolds associated with each category of the two factors combined (Table 4 ). Children whose parents had a high level of dietary restraint combined with a low disinhibition score had the smallest increases in body fat (36.9 mm gain in sum of skinfolds), while Mean scores for mothers and fathers combined were used to classify each family as having high ( ! median) or low (`median) dietary restraint and disinhibition.
Parental eating attitudes and children's obesity MY Hood et al those whose parents had high scores on both factors had the greatest gains (61.4 mm gain in sum of skinfolds). Disinhibition alone (without high restraint) also had an adverse effect on body fat change (47.1 mm gain) compared with dietary restraint in the presence of low disinhibition (36.9 mm gain). Thus, it was only in the presence of high disinhibition that dietary restraint led to excess gains in body fat for the children.
To evaluate the possibility that a genetic correlation in adiposity between parents and children might explain some of the association between dietary behaviors and increasing body fat, we then examined the effect of controlling for each parent's BMI. In Table 5 , we show the difference in the mean change in anthropometry between the category with the greatest body fat gains (high disinhibitionahigh restraint) and the category with the smallest body fat gains (low disinhibitionahigh restraint). For each anthropometry variable, the differences between these two categories were attenuated after controlling for parents' BMIs. For example, not adjusting for BMI, children whose parents had high scores on both dietary restraint and disinhibition gained 24.5 mm more (61.4 7 36.9 High, ! median in the overall parents' distribution for each factor.
Parental eating attitudes and children's obesity MY Hood et al 24.5, as shown in Table 4 ) in the sum of ®ve skinfolds than those whose parents scored high on dietary restraint and low on disinhibition. After adjusting for the BMI of both parents, this difference was reduced to 19.3 mm. Interestingly, this attenuation was a result of controlling for the mother's, but not the father's, adiposity (15.6 mm difference controlling for mother's BMI vs 27.5 mm difference when controlling for father's BMI). Thus, the mother's obesity had a stronger effect on the child's body fat change than did the father's level of obesity.
Discussion
This study suggests that disinhibited eating in the parents, when coupled with dietary restraint, may be associated with an increased risk for obesity in the child. These effects may be mediated through parental modeling and subsequent acquisition of negative eating behaviors by the children. This argument is strengthened by the ®nding that those children who have two parents who exhibit high levels of disinhibition are much more likely to gain excess weight (or subcutaneous fat) throughout early childhood than are children with fewer parents exhibiting this behavior.
Parental dietary restraint and disinhibition are two factors that may strongly in¯uence the child's early eating experiences. Extensive research has been done in the past three decades on the concepts of restrained eating and the counter-regulatory in¯uence of disinhibition, as well as the effects of these factors on the development of adult obesity. 29 ± 32 The term`dietary restraint' or`restrained eating' is generally used to refer to the tendency to consciously restrict one's diet to control weight, 32 while disinhibition refers to the degree to which an individual abandons control of dietary intake in the presence of certain external food cues or`disinhibitors'. 33 The negative impact of disinhibition on cognitive dietary restraint has been observed by many investigators. 29,33 ± 36 Adults who exhibit high levels of dietary restraint but who also report high levels of disinhibition are not generally successful at losing weight. 31, 33 While, uncoerced, young children normally regulate their own energy intake over the short-term, 11 some work suggests that a family environment in which a high level of dietary restraint is practised may have a negative effect on the ability to self-regulate diet at an early age. 17 Our results suggest that the effect of dietary restraint may be particularly damaging when it is coupled with disinhibited eating. Parents who exhibit both of these behaviors may The difference in means in each column re¯ects the adjusted mean anthropometry change for all subjects in the high disinhibitionahigh restraint category minus the adjusted mean change for those in the low disinhibitionahigh restraint category. Adjusted for child's sex and baseline values for age, height, BMI, Caltrac counts per hour, percentage calories from total fat, total energy, as well as parents' educational levels at baseline.
Parental eating attitudes and children's obesity MY Hood et al unconsciously undermine their child's autonomy in food choices by imposing excessive control over the child's diet while at the same time modeling inappropriate eating behaviors.
Several studies have documented that having more than one parent who is overweight is a strong predictor of childhood obesity. 9, 14, 37 This ®nding could be a result of genetics or of behavioral factors that may affect the development of obesity in the child. We controlled for each parent's level of body fat to attempt to evaluate the possibility that a genetic correlation in adiposity might explain some of our ®ndings. Since parents who are already obese may be more likely to exhibit and report dietary restraint andaor disinhibition (perhaps as a consequence of their obesity), the apparent adverse effect of dietary restraint and disinhibition might be a re¯ection of the child's inherited tendency to become obese. We cannot altogether rule out this possibility. However, when we controlled separately for maternal and paternal obesity, we found that paternal obesity had little effect on the results, and, if anything, controlling for paternal obesity had the opposite effect of controlling for maternal obesity. These ®ndings suggest that environmental factors, rather than genetics, may largely explain these results. In this case, it may be inappropriate to control for parental obesity, and doing so may lead to an incorrect attenuation of the effect of dietary restraint andaor disinhibition. If, for example, obesity leads the mother to adopt a pattern of alternating restraint and disinhibition, the child may learn to mimic that style and thus suppress more internal regulatory cues in favor of the external ones patterned by the mother. To control for maternal obesity in this case would eliminate or diminish the true behavioral effect of dietary restraint and disinhibition. Unfortunately, this is a dif®cult analytical problem since the genetic correlation in obesity may also play some role. Nevertheless, this study shows a strong residual effect of disinhibited eating (coupled with restraint) even when controlling for the parents' BMI.
Johnson and Birch found a positive relation between parental control of the dietary environment and the child's body fat stores. 17 However, the crosssectional design of that study limits the interpretation of the results, since parental control of diet may have been a consequence rather than a cause of having an overweight child. The longitudinal nature of The Framingham Children's Study provides a valuable source of data to address the effect of early parental behaviors on long-term body fat change. The Children's Study has multiple longitudinal measurements of anthropometry, yielding a more accurate estimate of body fat change than many earlier studies. This allowed us to obtain more precise estimates of change within a relatively small sample. One of the limitations of the current study is that the sample size made it dif®cult to examine sex-speci®c relationships. Therefore we were not able to examine the individual effects of mothers and fathers on the changes in body fat for girls and boys separately.
Adults are becoming increasingly concerned with control of their own diets for many health reasons. 38 ± 40 Perhaps, partially as a consequence of rising rates of obesity, children are also increasingly preoccupied with weight concerns at an early age. 41 Dietary disinhibition and restraint are two potentially modi®able factors that may in¯uence the rising rates of obesity in children. There is need for further investigation into the mechanisms by which these important behavioral traits are developed and interact with each other, as well as a need to identify ways of successfully intervening before these behaviors are passed on to the next generation.
